Dans cet article, nous examinons, à l'aide d'un ensemble de données couplées, les déterminants de la persévérance et de la réussite scolaires à l'université. Parmi ces déterminants, les notes obtenues au secondaire jouent un rôle nettement plus importants que la nature du programme universitaire, le sexe, l'entourage et les caractéristiques de l'école secondaire fréquentée. Le revenu moyen dans l'entourage et le classement de l'école secondaire fréquentée à des tests standardisés ont ainsi peu de liens avec la réussite à l'université. Ces résultats soulèvent des questions intéressantes sur ce qui permettrait d'expliquer la variation des notes à l'école secondaire et sur la combinaison de facteurs -liés à l'individu, à la famille et à l'école secondaire fréquentée -qui influe sur les résultats à l'université.
T introduCtion access to post-secondary education. We examine persistence and success using a rich administrative his paper addresses a series of questions dataset that links information on individual students concerning persistence and academic success at four Ontario universities with information on the among university students. What differentiates high school performance of each individual student, those students who have a high-quality university the high school that the student attended, and the experience from those who do not, as measured by neighbourhood in which the student grew up. cumulative grade averages, accumulated credits, continuity of registration, and degree completion?
We find that the explanatory power of the high These questions have received substantially less school grade point average (GPA) greatly dominates attention in the literature than has the question of that of other variables such as university program, gender, and neighbourhood and high school characteristics. Indeed, neighbourhood and high school have weak links with success in university, regardless of whether we use specific measures such as average neighbourhood income or average test scores for a high school, or models with fixed effects for high schools or neighbourhoods. As we discuss in the paper's final section, these results raise the very challenging questions of what lies behind the variation in high school grades and what mix of individual, home, and school inputs ultimately accounts for our university outcomes.
The paper continues with a review of the literature followed by a description of the data and variables. We then discuss in detail the summary statistics and the multivariate analysis. The paper concludes with a policy discussion.
revieW of the literature
In a recent review, Mueller (2008b) confirms the overall paucity of Canadian studies of persistence in post-secondary education (PSE) and highlights contributions in several areas. One such area is the sometimes complex pathways to degree completion. Using the Youth in Transition Survey (YITS), Finnie and Qiu (2008) found that only 52.1 percent of university students completed a degree at their initial institution within five years, but completion rates rose to 73.1 percent when one included students who switched institutions or left school temporarily. Finnie and Qiu (2009) made the same point using systemwide administrative data for the Atlantic provinces.
A second area of recent research is the determinants of degree completion. As in the case of pathways to completion, most of the Canadian studies rely on data from the YITS. Martinello (2008) found no correlation between parental education and completion of a first program of PSE, but did find a positive correlation between parental education and the degree completion by students who switched programs. Bowlby and McMullen (2002) found greater persistence in terms of degree completion by those students who reported more parental income and scholarships. However, Johnson (2008) found little evidence that higher tuition alters the probability of leaving university without a degree. Chemin (2009) reported that a 2001 increase in the value of student grants in Quebec increased PSE participation rates relative to other provinces but not graduation rates. Mueller (2008a) reported that finances may play a weak role in persistence, but the evidence is largely from surveys that ask students their reasons for dropping out.
Historically, PSE administrative data have primarily been used by individual institutions hoping to improve retention of their own students (Grayson and Grayson 2003) . Recent uses of such data for research purposes include a US-based study by Nory, Barlow, and Crisp (2005) and two Canadian papers (Finnie and Qui 2009; Conrad and Morris 2010) . None of the above studies, however, links university files with data on individual high school performance and both high school and neighbourhood characteristics. Our study provides a major step forward in this regard.
data and measures

University Administrative Data and Persistence Measures
Four Ontario universities provided student-level information. Two of these institutions are of the medical/doctoral variety, one is comprehensive, and one is primarily undergraduate. 1 Over our sample period the combined undergraduate enrolments at these universities averaged 28 percent of the total at Ontario universities. Our dataset is limited to students who entered a full-time university degree program in September directly from an Ontario high school. 2 This student type comprises over 90 percent of all entering undergraduate students at Ontario universities (Dooley, Payne, and Robb 2009) . Two universities provided data for cohorts entering in September 1994 through 2004. For the
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third school, the entering dates were 1994 through 2005, and for the fourth school, 1999 through 2006.
We distinguish students by four academic programs upon entry: arts, science, business, and engineering. Students in smaller entry programs were assigned to one of these four, e.g., students in kinesiology were assigned to science and those in music assigned to arts. Table A1 provides definitions and sample means of our variables, and the first four rows indicate the distribution by entry program. Three-quarters of our students enter arts or sciences, while engineering and business together account for the remaining one-quarter.
The universities provided information on credits earned and grade averages for each student by academic term (fall, winter, and summer). In this paper, we measure these indicators on a twelvemonth (September through August) basis because of co-op students whom we cannot directly identify and who are less likely than non-co-op students to be enrolled in fall and winter terms and more likely to be enrolled in the summer term.
Panel A of Table A1 reports the measures of academic persistence and success on which we focus, the first being the cumulative grade average at the end of two years. Year 1 here means the 12-month period following a September entry, while year 2 means months 13 through 24 following that entry. Our multivariate analysis revealed similar relationships between the one-year and two-year cumulative grade averages and the characteristics of individual students, neighbourhoods, and high schools. Hence, we focus on the two-year results for grades and for the next two outcomes. See Dooley, Payne, and Robb (2011) for details of how we transformed all university records to a 0-100 grading system. The sample mean is 72, based on a sample of 113,271. 3 Our second persistence measure is credits completed after two years. We use a credit system under which a credit of 0.5 is given for a one-term course. The sample mean is 9.2. Our third measure of persistence is a measure of departure (non-continuation). We use the term "departure" rather than "dropout" because we do not know the destination of students who cease to register for courses in each of our four universities. Some departures are undoubtedly voluntary transfers or temporary absences, as documented by Finnie and Qiu (2008) . 4 We count as a "departure during the first two years" any student for whom we have no grade for courses in the fall, winter, or summer of the third academic year from among those students for whom we have at least three years of data. Table  A1 indicates that the departure rate during the first two years is 13 percent.
Our final measure of persistence is degree completion. The degrees in our data are designed to take three, four, or five years to complete on a full-time basis. However, many students take more than the standard number of full-time years, due to co-op terms, program switches, periods of part-time study, academic terms abroad, etc. Only 45 percent of the students in our sample complete any degree within four years, and such students are disproportionately from arts and science programs and from universities with fewer co-op programs. A six-year window is common in other studies of degree completion (Nory, Barlow, and Crisp 2005) , and that is the standard which we have adopted. 5 Table A1 shows that the proportion of students completing a degree within six years is 80 percent.
Individual, Neighbourhood, and High School Characteristics
Individual Characteristics. All Ontario students applying to Ontario universities submit a common form to the Ontario Universities Application Centre (OUAC). 6 Panel B of Table A1 provides definitions and sample means for the OUAC variables. Fifty-five percent of our students are females, 85 percent have English as mother tongue, 93 percent are Canadian citizens, and 94 percent have a home residence within 50 km of campus. The students' mean age at registration is 18.5 years. OUAC also has grade data provided directly by the high schools.
We use the average grade in the student's best six Grade 12/13 university level courses. 7 Panel B of Table A1 indicates that 17 percent of students have an average of 90 to 100, and 27 percent have an average of less than 80.
Neighbourhood Characteristics. The postal code in the OUAC data allows us to link the residence of the student's family at the time of application to the corresponding census neighbourhood data for Enumeration Areas (EAs) in 1996 and Dissemination Areas (DAs) in 2001 and 2006 . The details of how we performed this linkage are available in Dooley, Payne, and Robb (2011) . Our key income measure is "average equivalent income," which is average neighbourhood income divided by the square root of the neighbourhood average number of persons per household. 8 The principal income indicator that we use in this paper is whether a student is from a low-, middle-, or high-income neighbourhood. To assess this, we calculated the distribution of average equivalent income across all EAs and DAs in the province weighted by total population. As indicated in Panel C of Table A1 , 18 percent of the students from our four universities are from neighbourhoods in the bottom tercile (one-third) of this distribution, 31 percent are from the middle tercile, and 50 percent are from the top tercile. 9 These values reflect the fact that university students come disproportionately from more affluent neighbourhoods. Table A1 also describes five other neighbourhood measures that we use. Our students come from neighbourhoods in which, on average, 21 percent of the adults have a bachelor's degree or more, 11 percent of the families are headed by a lone mother, 87 percent of persons have English as a mother tongue, 13 percent of persons have immigrated to Canada since 1981, and 7 percent of adults are unemployed.
High School Characteristics. We also have information on the characteristics of our students' high schools from the Ontario Ministry of Education for the years 2000-03 (our data are incomplete over other years). A key variable that we use to assess the academic quality of a high school is the proportion of the students taking the Grade 9 standardized Academic Math Assessment who received a "high score" (3 or 4). 10 We ordered all high schools in the OUAC data by this measure and determined the cutoffs for the bottom (61 percent) and top (71 percent) terciles. 11 Panel D of Table A1 shows that 22 percent of our students are from high schools in the bottom tercile of this frequency distribution, 32 percent are from schools in the middle tercile, and 46 percent are from schools in the top tercile. As expected, students at our four universities come from high schools with above-average performance on the Grade 9 Math Assessment. Table A1 also reveals that 8 percent of students in the persistence dataset are from high schools for which these standardized math scores are missing. 12 The average student in the persistence dataset attended a high school that is 34 km from the nearest university and 24 km from the nearest college. Seven percent of students come from private high schools, 70 percent from English-language public schools, 0.1 percent from francophone public schools, 22.5 percent from English-language Catholic schools, and 0.4 percent from francophone Catholic schools. Sixteen percent are from rural high schools. Finally, we ranked all high schools in the province by enrolment. Twenty-four percent of our students are from high schools in the bottom tercile of this frequency distribution, 34 percent are from schools in the middle tercile, and 44 percent are from schools in the top enrolment tercile. Our university students come from high schools that are larger than average.
Finally, Panel E of Table A1 shows the distribution of students in our data by year of entry to university. Changes in this proportion over time reflect both changing cohort size, especially the "double cohort" (see note 7), and the fact that different universities provided data for differing periods (see data description above). 
summary statistiCs
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data) with all OUAC applicants from Ontario high school students. For this comparison, we use data from 1999 through 2004, which are the years for which we have information from all four universities. Our four-university sample contains 20 percent of all OUAC applicants and 28 percent of all OUAC registrants in Ontario universities over the same period. The students in our four universities, when compared to all applicants or registrants, are slightly younger, have higher grades, 13 and are more likely to have a mother tongue that is English and to be Canadian citizens. Generally, though, we believe that Table 1 indicates that the students from our four universities are reasonably similar to all students in Ontario universities.
Figures 1a through 1d contain the time series plots for the four measures of academic progress described in the previous section at each of our universities. We draw three basic conclusions from these figures. First, there are only minor differences among our four universities, and the rank order changes over time. Second, these measures have generally been quite stable over time at each of our universities. There is no indication that rising tuition and other changes in the academic environment have led to lower (or higher) levels of success. Third, the figures do reveal some minor improvements in outcomes for the double cohort that entered in 2003. This result may be due to greater selectivity as reflected in the fact that the average grade in the best six Grade 12/13 courses among entrants rose from 83 in 2002 to 85 in 2003 and returned to 83 in 2004.
The top row of Table 2 provides the sample means for all of our students for whom we observe the number of years required to compute the measure. 14 (These measures and sample means were described in the previous section.) The second panel of Table  2 shows that students in business and engineering have more credits completed, lower departure rates, and higher degree completion rates than do students in arts and sciences. The third panel indicates that females have better outcomes than males, but these differences are small save in the case of degree completion.
The fourth panel of Table 2 illustrates a key finding, which is the very strong link between our university outcomes and high school grade point 320 Martin D. Dooley, A. Abigail Payne, and A. Leslie Robb averages. Students in the lowest high school grade category (less than 75 percent) and those in the highest grade category (95 percent or better) have university GPA differences of 23 percentage points, which is roughly the same as their difference in high school GPA. The departure rates of these same two groups of students differ by 23 percentage points, and the degree completion rates differ by 36 percentage points.
The bottom panels of Table 2 illustrate another key finding. The differences in credits completed and grade averages between students from lowincome neighbourhoods and those from high-income neighbourhoods are very small. The differences between departure rates and degree completion rates are also modest, at 3 and 4 percentage points, respectively. There are also only small differences in credits completed and grade averages between students from high schools in the bottom and top terciles of the distribution of high schools by proportion of students earning a high score on the Grade 9 Academic Math Assessment. The difference in departure rates between these groups is only 2 percentage points, and that in degree completion rates is only 3 percentage points.
multivariate analysis
We report estimates of a simple regression model of each of our four outcomes in Table 3 . 15 Each regression also contains a dummy variable for each university. (We do not include these estimates in this paper due to confidentiality considerations.) We begin with the coefficients for individual characteristics in the first regression (cumulative GPA after two years) in column 2. The finding that stands out is the importance of the student's high school grade average. Students in the lowest and highest high school grade categories have university grade averages that differ by about 25 percentage points. The most noticeable difference by program is that engineering students have cumulative grade averages that are 3 to 4 percentage points lower than those of other students.
The differences in university grades associated with the other individual characteristics are often statistically significant but numerically small. Students who are female, whose mother tongue is English, who are Canadian citizens, and whose best six high school courses are all University stream have higher university grades. Students whose family residence is within 50 km of campus do slightly better than those whose family residence is further away. Older students do slightly worse than younger ones, which may reflect the so-called "victory lap" phenomenon-that is, students taking an extra year of high school to improve grades.
We next turn to the coefficients for high school characteristics in column 2. The difference in cumulative grade averages between students from high schools with average standardized math scores (the Grade 9 Math Assessment) in the bottom tercile and those in the top tercile is only 1 percentage point. Students from schools with no standardized math scores do slightly better. 16 All else equal, students from privately funded high schools have university grade averages that are 3 percentage points lower than those from the omitted category (publicly funded English-language schools). 17 Students from English-language Catholic high schools do worse, and those from francophone public schools do a bit better, than those from English-language public schools, but these are small differences of 1 percentage point or less. The same is true of the superior performance of students from schools in rural areas.
The coefficients for neighbourhood characteristics in column 2 of Table 3 indicate that the difference in cumulative grade averages between students from low income and high income neighbourhoods is less than 1 percentage point and statistically insignificant. The estimated impact of other neighbourhood characteristics is equally small, even when statistically significant. In Table 3 Multivariate Regressions summary, most of the differences in university grades in column 2 of Table 3 are quite small, save for those by high school grade averages. Although these small estimated effects of other individual, high school, and neighbourhood characteristics condition on high school grades, we find that these estimated effects remain similarly small if the high school grade average variables are dropped from the model (not shown here). The same is true of the remaining estimates in Table 3 .
Column 3 of Table 3 contains the coefficients from the second regression in Table 3 in which the dependent variable is the cumulative credits passed two years after entry. The pattern of coefficients is quite similar to that in column 2. Once again, the individual characteristic that stands out most is high school grade average. At the end of two years, students in the lowest high school grade category have earned 2.3 fewer credits (almost a half a year less) than those in the highest high school grade category. The most noticeable difference among programs is that engineering students have earned almost 0.5 to 0.8 of a credit more than other students. 18 Females have 0.4 credits more than males. The differences in credits accumulated associated with the remaining individual characteristics are quite small, even when statistically significant. One difference from column 2 is that English mother tongue is not associated with more credits passed in column 3. The estimated effects of high school and neighbourhood characteristics in column 3 are very small. For example, the differences between students from high schools in the bottom and top terciles of standardized math scores is only about one-tenth of a credit, which is also the difference between students from low-income and high-income neighbourhoods.
Column 4 of Table 3 contains the coefficients from the third regression in which the dependent variable is a departure in year 1 or year 2 after entry. The signs of the coefficients are generally the opposite of those in columns 2 and 3 because a departure is often a "bad" academic outcome. The basic message of column 4 is quite similar to that of the previous two columns. Most importantly, students in the lowest high school grade category have a departure rate that is almost 22 percentage points higher than those in the highest high school grade category. Commerce students have the lowest departure rate, 4 percentage points lower than that of students in arts (controlling for other factors including high school grades). The female departure rate is less than 1 percentage point lower than that of males. Individual characteristics, such as holding Canadian citizenship and taking all University stream designated courses in high school (U as opposed to a mixture of U and U/M (University/ Mixed) courses-see note 7), are associated with departure rates that are about 2 percentage points lower. In column 4, private schools and francophone public high schools are associated with substantially higher departure rates (about 4 percentage points), but Catholic and rural schools are not. This difference in departure rates between students from low-standardized math and high-standardized math high schools is only 1 percentage point. The same is true of the difference between students from low-income and high-income neighbourhoods. Other neighbourhood characteristics have similarly small impacts.
Column 5 of Table 3 charts the coefficients from the fourth regression in which the dependent variable is degree completion within six years. The qualitative pattern of coefficients is generally similar to that in the previous columns. The students in the lowest high school grade category have a degree completion rate that is 36 percentage points lower than those in the highest high school grade category. Commerce students have a degree completion rate that is 5 to 6 percentage points higher than that of students in other programs. The female completion rate is almost 5 percentage points higher than that of males. Canadian citizenship is associated with an increase in the likelihood of degree completion of 4 percentage points. 19 Taking all University
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designated courses predicts a degree completion rate between 8 and 9 percentage points higher than that for students with a combination of U and U/M courses. Students from private high schools have lower completion rates (almost 5 percentage points) and students from rural high schools have slightly higher completion rates (about 2 percentage points). Other high school characteristics have small impacts, as do the neighbourhood characteristics in column 5. For example, the difference in completion rates between students from high schools in the bottom and top terciles of standardized math scores or between students from low-income and high-income neighbourhoods is only about 2 percentage points.
Each of our regressions contained a dummy for each of our four universities (not shown for confidentiality reasons) and for each entry year. The coefficient estimates for these variables yield conclusions very similar to those that we drew from the trends in mean outcomes in Figure 1 in the following two ways. First, the differences among our four universities are small, and their rank order changes. Second, the levels of our persistence measures have generally been quite stable. The one difference from the trends in Figure 1 is that the year coefficients in Table 3 indicate only minor improvement in the departure rate for the double cohort that entered in 2003. This difference is likely because the regressions control for the high school grade averages of entering students.
The estimates in Table 3 indicate that high school GPA is the most important variable in terms of explanatory power. We checked this result by estimating our model with different sets of independent variables. The omission of all neighbourhood and school characteristics (not shown) leads to little or no decrease in the R-squared. However, the omission of individual characteristics, including high school grades, leads to declines of three-quarters or more in the R-squared. The omission of high school grades alone leads to declines in the R-squared of one-half or more. Hence, high school GPA is clearly the most important variable in terms of accounting for variation in our university outcomes.
We also estimated a set of four regressions that contain interactions between high school grades and the following variables: gender, program, neighbourhood average income, and high school average standardized math performance. The coefficients for variables that were not interacted with high school grades are very similar to those in Table 3 . Figures  2a through 2d present the relationships between high school grade average and each of our outcomes by neighbourhood average equivalent income tercile. The slopes of the line segments indicate the importance of better high school grades, while the differences in heights indicate the importance of neighbourhood average income. In each figure, we started with the sample mean or proportion of the dependent variable in our sample for males with a high school grade average in the 80-85 range and then drew the figures using the estimated regression coefficients to calculate the estimated values for the other high school grade averages. 20 In Figures 2a and 2b , the differences between students from low-income and high-income neighbourhoods in university grades are 1 percentage point or less, and the differences in credits completed are 0.2 credits or less for each high school grade category. Departure rates in Figure 2c show slightly larger differences, but even these are at most 1.5 percentage points. Similarly, the differences in degree completion rates between low-income and high-income students in Figure 2d are at most 3 percentage points. Differences in both departure and degree completion rates are a bit larger at low high school grade levels, but the key message of Figure  2 is that neighbourhood income does not have a substantial link with our outcomes, regardless of high school grade average.
We also found that the strong relationship between high school grade category and university outcomes is true for both sexes, in all programs, 
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and regardless of average high school performance on the Grade 9 Math Assessment. Here we briefly summarize the outcomes found with these other interactions and refer the interested reader to Dooley, Payne, and Robb (2011) for a fuller set of figures. Females have somewhat better university outcomes for most of the measures among students with low high school grades. For example, among students with a high school average of less than 75, the female departure rate is 3 percentage points lower than that of males, and the female degree completion rate is 9 percentage points higher. The performance levels of females and males converge or even reverse as one considers better high school grade averages. Among students with a high school average of 95 or better, for example, the female departure rate is 2.5 percentage points higher than that of males, and the female degree completion rate is 3 percentage points lower.
Engineering students have lower grade averages and more credits completed after two years than students in other programs, regardless of high school grade category. Business students have the lowest departure rates and the highest degree completion rates in most grade categories.
The differences in university grade averages between individuals from schools with the smallest proportion of high standardized math scores and those from schools with the largest proportion of high standardized math scores are all 1.5 percentage points or less, and the differences in credits completed are all 0.3 credits or less. The same differences in departure rates are at most 2 percentage points, and the differences in degree completion rates are at most 3 percentage points. As with differences by neighbourhood income, the differences by high school standardized math performance are somewhat larger at lower high school grade averages but overall are quite small.
The general message of our multivariate estimates is that neighbourhood, high school, and individual characteristics other than high school GPA have relatively weak links with our measures of persistence and success in university. Table 4 provides an illustration of the relative importance of the different sets of independent variables in our regressions. We use our estimated regression coefficients (from the specification with interactions) to predict our four academic outcomes for students from three different types of families. As indicated by Table 4a , we define a "disadvantaged student" as being from the following background: high school standardized math scores and neighbourhood average equivalent income are in the bottom terciles for the province; the proportion of adults with a bachelor's degree and the proportion of families with the home language of English are at the 25th percentiles; and the unemployment rate, the proportion of families headed by a lone mother, and the proportion of adults who are recent immigrants are at the 75th percentiles. An "average student" is from the following background: high school standardized math scores and average equivalent income are in the middle terciles; the proportion of adults with a bachelor's degree, the proportion of families with the home language of English, the unemployment rate, the proportion of families headed by a lone mother, and the proportion of adults who are recent immigrants are all at the median (50th percentile). An "advantaged student" is from the following background: high school standardized math scores and average equivalent income are in the top terciles; the proportion of adults with a bachelor's degree and the proportion of families with the home language of English are at the 75th percentiles; the unemployment rate, the proportion of families headed by a lone mother, and the proportion of adults who are recent immigrants are at the 25th percentiles. These predicted values assume the omitted category for the remaining binary variables in the regression and the mean sample values for the remaining continuous variables. Table 4b are predicted values of each of our outcomes. Rows 7 and 14 present the differences in outcomes between students in the top and bottom high school grade categories. Columns 4 and 8 present the differences in outcomes Table 4b Predicted University Outcomes for Diff erent Family Types Table 4c Diff erences in Predicted University Outcomes by HS GPA for Diff erent Family Types between advantaged and disadvantaged students. The most striking pattern is that the absolute differences by high school GPA are much larger than the absolute differences by high school and neighbourhood advantage. However, there are also some interesting variations by university outcome. The entries in column 4 indicate that the difference in university GPA between advantaged and disadvantaged students is only 1.2 percentage points for those with the a high school GPA of 75 or less but is 3.2 percentage points among students with a high school GPA of 95 and above. The opposite is seen for the three other university outcomes-that is, the differences between advantaged and disadvantaged students are smaller among students with better high school grades, especially in the case of degree completion. For example, column 8 shows that the difference between advantaged and disadvantaged students in the likelihood of completing a degree is 9 percentage points for those with a high school GPA of 75 or less but only 1 percentage point for those with a high school GPA of 95 or higher.
Most of the entries in
In Table 4c , we explore further the differences in the four persistence measures as we move across the high school marks gradient. Rows 15 through 24 report the incremental change in the outcome measure as we move from lower to higher high school marks. For instance, the entry in row 15, column 1, indicates that the predicted university GPA increases by 3.7 percentage points when one compares a disadvantaged student in the 75 or less HS grade category with a disadvantaged student in the 75-80 HS grade category. (This is row 2 minus row 1 in column 1 of Table 4b .) The difference is larger at higher HS grade levels regardless of socioeconomic status. For instance, the entry in row 19, column 1, indicates that the predicted university GPA increases by 6.1 percentage points when one compares a disadvantaged student in the 90-95 HS grade category to a disadvantaged student in the 95 or better HS grade category.
As in Table 4b , the pattern is different for the other outcomes, especially the likelihoods of departure and degree completion. For example, the entry in row 20, column 1, indicates that the likelihood of a departure decreases by 8 to 10 percentage points (depending on socio-economic status) when one moves from a student in the 75 or less HS grade category to a student in the 75-80 HS grade category. In contrast, the differences between students in the 90-95 HS grade category and the 95 or better HS grade category are only 1 to 2 percentage points. The entry in row 20, column 5, indicates that the likelihood of degree completion increases by 12 to 16 percentage points (depending on socio-economic status) when one moves from a student in the 75 or less HS grade category to a disadvantaged student in the 75-80 HS grade category. In contrast, the differences between students in the 90-95 HS grade category and the 95 or better HS grade category are only 4 to 7 percentage points. We comment on the policy implications of Table 4 in the next section.
We also explored the robustness of our findings using several alternative regression specifications. First, we checked the stability of the high school GPA effect over time by interacting the high school grade variables with a binary variable for the second half of our data period (1999) (2000) (2001) (2002) (2003) (2004) (2005) . All of these interaction coefficients were small, and almost all were not significantly different from zero. The same was true when we divided our sample period into thirds. Hence, we conclude that the relationship between high school grades and our university outcomes appears to be stable over time.
Second, we assessed the possibility that our neighbourhood and school variables do not capture those characteristics that are most relevant for success in university. To this end, we estimated two fixed effect models. In one, we included a fixed effect for each high school in our sample along with the individual and neighbourhood characteristics. The inclusion of the high school fixed effects does increase the R-squared, indicating that the variables in our current dataset do not capture some relevant characteristics of these high schools. The increases in R-square are modest (one-fifth or less), indicating
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that unmeasured school characteristics captured by our fixed effects model do not add a great deal of explanatory power. Moreover, the coefficients and standard errors for high school grades and other individual and neighbourhood variables in the school fixed effects model are very similar to those in Table 3 . 21 We also estimated a model with a fixed effect for each Enumeration/Dissemination Area in our sample along with the individual and high school variables. Here too, the R-squared statistics increase but only by a similarly modest amount, and there is also little change in the other coefficients and standard errors in the model. Hence, we conclude that there are no fixed (and unmeasured) characteristics of the neighbourhoods and high schools in our sample that would greatly increase our ability to account for the variation in university outcomes. 22 
PoliCy disCussion and ConClusion
We have used a unique set of linked datasets to examine the correlates of four measures of persistence and success in university: cumulative grade averages, credits completed and departures during the first two years, and degree completion within six years. Our data suffer much less than do survey data from errors in reporting and recall and from response and selection bias. We have students' actual grades rather than self-reports and close to full coverage of the relevant populations rather than just responses to a voluntary survey.
Our key empirical findings are two. First, high school grade point average is strongly linked to all of our university outcomes in the sense of both the magnitude and the precision of the estimated regression coefficients. Second, the neighbourhood and high school characteristics used in this study, such as average neighbourhood income and the average Grade 9 Math Assessment scores of a high school, have weak links with university outcomes. The explanatory power of the high school grades greatly dominates that of other variables considered individually or jointly. This contrasts with Dooley, Payne, and Robb (2009) , where we found that neighbourhood and high school measures have much stronger links with the decision to apply to and register in university.
We believe that two important, albeit tentative policy conclusions can be drawn from our findings. First, there is a positive message regarding the educational system in Ontario. Students in our sample from disadvantaged neighbourhoods and high schools with weaker performance on standardized tests are as well prepared for university as students with the same individual high school grades but from advantaged neighbourhoods and higher performing high schools. Viewed from the university perspective, the positive message is that these four institutions provide an environment in which students with similar high school grades but otherwise heterogeneous backgrounds have similar likelihoods of success. Of course, it might be that a different set of neighbourhood and high school variables would have much better explanatory power and yield different conclusions. Our estimates with fixed effect models for both neighbourhoods and high schools, however, do not indicate that this would be the case.
Second, students with the lowest high school grades in our sample have a very low probability of completing a degree at these four universities and are much less likely to do so than students with slightly better grades. This raises legitimate concerns about the social rate of return on such human capital investments and provides a clear note of caution regarding a policy of improving access to the university system by reducing admission averages. 23 Our key finding on the importance of high school grades in "explaining" success in university, however, leaves a very big question unanswered. What lies behind the variation in high school grades? On this point, it fair to say that our research leaves the policy analyst with a sizable "black box." One possibility is that grades stand as a proxy, in part, for family level variation in economic resources, though the studies reviewed in the second section do not indicate that income is an important factor in accounting for persistence in university. A second possibility is that high school grades mainly reflect cognitive ability or intelligence quotient (IQ), but an accumulating body of research casts doubt on this interpretation. Zwick and Sklar (2005) find that high school GPA is a much better predictor of a student's success in the first year of university than is the SAT score. Similarly, Yu et al. (2011) and Bowen, Chingos, and McPherson (2009) find that high school GPA is a much better predictor of persistence and completion in post-secondary education than is either the ACT or SAT score.
In the search for better understanding of the reasons for success in both school and the labour market, one emerging area of research is the interface between economics and psychology. A common focus of this research is on traits other than cognitive ability, such as personality and motivation. For example, Duckworth and Seligman (2005) find that a composite measure of self-discipline accounted for more than twice as much variance in final grades as did an IQ measure among a sample of students in eighth grade. Similarly, Heckman et al. (2007) point to the famous Perry Preschool study as a clear demonstration of the power of traits other than cognitive ability in explaining success in life. This experimental intervention enriched the early family environments of disadvantaged children with subnormal IQs and followed treatments and controls into their forties. A difference in IQs between the two groups never emerged, but the treatment group was far more successful than the control group on a variety of measures of socio-economic achievement over their life cycles. The authors conclude that what the intervention changed was the personality and motivation of the participants. In an extensive review of this interdisciplinary field, Borghans et al. (2008) examine both the relevance of personality to economics and the relevance of economics to personality psychology.
Much better data are needed to understand the mix of individual, home, and school inputs that ultimately account for our university outcomes. Administrative data can clearly play a useful role, and Canadian researchers have only begun to tap the potential for educational research using this resource. However, detailed panel survey data also have a central role to play, a fact that highlights the loss arising from the demise of the National Longitudinal Survey of Canadian Children. Cumulative grade point average at the end of year 2 among students 72 observed for 2 or more years. Cumulative credits passed years 1 and 2
Cumulative credits passed at the end of year 2 among students observed for 9.2 two or more years. % departed during years 1 and 2
Proportion of students for whom we observe only missing values in the third 13% calendar year after entry among students observed for three or more years. % with degree after six years Proportion of students for whom we observe a degree earned at the end of 80% six years after entry among students we observe for six or more years. (2011) for details. None of the basic findings or conclusions in this paper changes if one uses the linear measure on average equivalent income. 10 The Grade 9 Math Assessment test is a province-wide assessment of the math skills that students are expected to have learned by Grade 9. Students who are working toward their Grade 9 academic and applied math credit take different versions of this test. Our goal is to predict persistence and success in university. Most students even considering university will take the Grade 9 academic math stream. Hence, we focus in this paper on school performance on the academic version of the Grade 9 Math Assessment. These assessments are commonly called EQAO (Education, Quality and Accountability Office) exams.
Panel B: Ontario Universities Application Centre Variables
11 At least 90 percent of high schools in Ontario have one student or more in our OUAC data file. 12 There is a large overlap between private schools and missing standardized math scores: 95 percent of private high schools have missing standardized math scores, and 77 percent of the schools with missing standardized math scores are private. 13 We chose to present the core English grade because we have this mark for virtually all students in our data. This is not the case with Grade 12/13 math courses or indeed any other course. 15 We also estimated models for credits completed and cumulative grade average at the end of year 1, the likelihood of a departure during year 1, and degrees completed within four or five years after entry. The estimated coefficients were quite robust across different measures of the same outcome. The major exception was the differences among academic programs. Business and engineering faculties have no three-year degrees (at least in our four universities), and hence such students take longer to complete a degree. Note also that OUAC can only give us data for university applicants and not all high school students. We are thus unable to estimate our regressions with a standard selection correction procedure. 16 For purposes of estimating these regressions, we included students from high schools with missing standardized math scores in the group of students from high schools with average scores in the middle tercile. We also estimated the regressions excluding students from high schools for which standardized math scores were missing, and the resulting coefficients were very similar to those in Table 3 . 17 A systematic analysis of differences between students from privately funded and publicly funded high schools is beyond the scope of this paper, but our suspicion is that the students from privately funded schools are a very heterogeneous group. At a minimum in such an analysis, one would need to account for the fact that most private schools did not have their students take the standardized Math Assessment. 18 The standard course load of engineering students is somewhat higher than for other students in Ontario universities. 19 This impact of citizenship on departures and degree completion may in part reflect a difference between first and second generation immigrants, as found by Finnie, Childs, and Qiu (2010) with the Youth In Transition Survey data. 20 We centred the figures in the 80-85 grade range because it contains the sample mean (83.4). 21 We ranked the students (schools) in our sample by estimated high school fixed effect. The differences between students at the 75th and 25th percentiles are the following: 2.4 (2.3) percentage points in years 1 and 2 GPA; 0.5 (0.6) credits completed by end of year 1 (2); 7 (8) percentage points in the likelihood of a departure in years 1 and 2; and 7 (11) percentage points in the likelihood of degree completion within five (six) years. These estimated high school fixed effects have not been corrected for sampling error and hence likely overstate the differences in true high school fixed effects. 22 We also ranked the students (neighbourhoods) in our sample by estimated neighbourhood fixed effects. The differences between students at the 75th and 25th percentiles are the following: 3.8 (5.3) percentage points in years 1 and 2 GPA; 0.9 (1.4) credits completed by end of year 1 (2); 14 (19) percentage points in the likelihood of a departure in years 1 and 2; and 16 (25) percentage points in the likelihood of degree completion within five (six) years. These estimated neighbourhood fixed effects have not been corrected for sampling error and hence likely overstate the differences in true neighbourhood fixed effects. 23 Of course, it is not appropriate to infer from our findings that the way to promote greater persistence in university is simply to inflate high school grades.
